Abstract. Comparison of official statistics on mining reveals that there are different agencies that are collecting and disseminating data on the mining sector, but there also exists data anomaly between different agencies. For the purpose of detecting data anomaly in the mining sector, official statistics provided by three government agencies are examined. The variation in the number of mining workers (both organized and unorganized sector) ranges from 2.2 million to 0.54 million to 0.52 million in 2011 between the National Sample Survey Organisation, the Director General of Mines Safety, and the Indian Bureau of Mines which clearly indicates the differences in methods for collecting and collating of official statistics.
Introduction
Good quality official statistics is indispensable for making informed decisions. This article explores data anomaly in official statistics in the mining sector of India. Considering the pivotal role of the mining sector in the Indian economy, both for research and policymaking, compilation of official statistics in the mining sector assumes importance. Official statistics are defined to be collated numerical facts published by the government agencies or other public bodies such as international organizations [1] . The problem with India's official statistics is that various government agencies collect statistics that are not comparable to each other. Detecting data anomalies is an important step in understanding and improving data quality. When data integrity is compromised, the veracity of the decisionmaking process is likewise threatened. The problem with poor quality data is that it leads to poor decisions. Data are of high quality if they are fit for their intended uses in operations, decision making and planning [2] .
A data anomaly is not the same as data defect. A data anomaly might be a data defect, but it might also be accurate data caused by unusual, but actual behaviour of an attribute in a specific context. Data anomalies have also been referred to as outliers, exceptions, peculiarities, surprises, and novelties [3] . Chandola and colleagues refer to data anomalies as patterns in data that do not conform to a well-defined notion of normal behaviour [4] . This is similar to how Hawkins defines an outlier as observation that deviates so much from other observations as to arouse suspicion that it was generated by a different mechanism [5] . Johnson defines outlier as an observation in a data set which appears to be inconsistent with the remainder of that set of data [6] .
There is an existing literature that provides valuable information about discrepancies in the reporting of job characteristics of people [7] [8] [9] [10] . Another relevant literature is a set of studies that have compared the effects of labour market programs estimated using survey data collected from individuals to the effects estimated from administrative unemployment Insurance wage records obtained from employers [11] [12] [13] . In the Indian context, deteriorating state of official statistics was elaborated upon by Sharma [14] , particularly in the field of consumption expenditure from National Accounts Statistics and National Sample Survey. Questions regarding credibility and reliability of India's official statistics were also raised by several researchers [15] [16] [17] . Saluja and Yadav [18] analysis of sources, methods of compilation and identification data gaps of labour statistics -both at the central and state level in India is prepared by Papola [19] .
Despite their potentially important implications for a variety of labour market analyses, no existing study has systematically examined data anomaly in the mining sector of India. This article, therefore, attempts to find data anomaly between different sources, thereby analyzing inconsistency in definition and coverage of mines and employment in the mining sector. Section 2 describes sources of data on the mining industry; Section 3 portrays the National Industrial Classification of Industries; Section 4 depicts background on the mining sector of India; Section 5 explains data anomaly in the number of mines and mining employment between government agencies and the reasons behind anomaly; Section 6 describes discrepancy in the number of organized and unorganized sector employment with conclusions in Section 7.
Sources of data on mining industry
Mining sector data are provided by the following government agencies: i) Director General of Mines Safety based on official records, ii) Indian Bureau of Mines based on official records, iii) National Sample Survey Organization based on household sample survey and iv) Census of India based on total enumeration.
Director General of Mines Safety (DGMS)
The Directorate General of Mines Safety, entrusted to enforce the Mines Act, 1952 throughout the country, receives various statutory Returns and Notices under the Coal Mines Regulations, 1957 and in respect of metalliferous and oil mines (non-coal) under Regulation 5 of the Metalliferous Mines Regulations, 1961 and the Oil Mines Regulations, 1984 framed under the Mines Act, 1952.
The publication entitled "Statistics of Mines in India" by DGMS [20] contains information regarding employment, production, productivity, average weekly wages, index of labour earnings in coal and non-coal mines along with other associated aspects such as data on output, value of minerals, gassiness of seams, mechanization, consumption of explosives etc.
In addition, these also contain information regarding accidents in coal mines, metalliferous and oil mines and brief description of findings of enquiry conducted by officers of DGMS in respect of each and every fatal accident that occurred during the reference year. An updated list of all fatal accidents involving four or more deaths and a list of Court of Inquiries held for different accidents in coal mines since 1901 are also included in this publication. Since a large number of metalliferous mines are in the unorganized sector and many of them are seasonal in nature, the number of returns received is less compared to the number of mines worked during the year. The data published is based only on the information furnished by reporting mines. 
Indian Bureau of Mines (IBM)
IBM
National Sample Survey Organisation (NSSO)
National Sample Survey Organisation (NSSO) has been regularly conducting employment-unemployment surveys. The quinquennial survey on employment and unemployment is one of the important surveys conducted regularly by the NSSO. The first such survey was carried out in the 27 th round of NSSO during October 1972-September 1973. Since then, seven comprehensive quinquennial surveys on employment and unemployment situation in India have so far been carried out by the NSSO prior to the present survey of the 68th round (July 2011-June 2012).
The main objective of the employment and unemployment surveys conducted by NSSO at periodic interval is to get estimates of various employment and unemployment characteristics at national and State/Union Territories level. The critical issues in the context of labour force enquiries pertain to defining the labour force and measuring participation of labour force in different economic activities. The aspects of the labour force are captured in detail in the employment and unemployment surveys of NSSO and estimates are generated for labour force participation rate, worker population ratio, unemployment rate, wages of employees, extent of underemployment etc. The indicators of the structural aspects of the workforce such as status in employment, industrial distribution and occupational distribution are also derived from these surveys. Besides, from the data collected on the particulars of enterprises and conditions of employment, the aspects of employment in the informal sector and informal employment are reflected through the conceptual framework of the survey. Industries are classified as per the National Industrial Classification and National Classification of Occupations.
Census of India
The Indian Census is the largest single source of a variety of statistical information on different characteristics of the people of India. With a history of more than 130 years, this reliable, time tested exercise has been bringing out a veritable wealth of statistics every 10 years, beginning from 1872 when the first census was conducted in India non-synchronously in different parts. The census provides information on size, distribution and socio-economic, demographic and other characteristics of the country's population. The Population Census is the total process of collecting, compiling, analyzing or otherwise disseminating demographic, economic and social data pertaining, at a specific time, of all persons in a country or a well-defined part of a country. The workers have been classified by the type of economic activity into nine broad categories as per the National Industrial Classification.
Industrial classification
The International Standard Classification of Occupations (ISCO) is an International Labour Organization (ILO) [22] classification structure for organizing information on labour and jobs. It is part of the international family of economic and social classifications of the United Nations. The ILO describes the purpose of the ISCO classification as a tool for organizing jobs into a clearly defined set of groups according to the tasks and duties undertaken in the job. It is intended for use in statistical applications and in a variety of client oriented applications. The ISCO is the basis for many national occupation classifications as well as applications in specific domains such as reporting of teaching, agricultural and healthcare workforce information.
Classifications used in India
The National Industrial Classification (NIC): In India, industrial classification has been used for conducting the Population Census, Industrial Surveys, National Income Estimates, etc. The National Industrial Classification (NIC) is the standard classification followed for classifying economic activities. The NIC [23] is prepared to suit the Indian conditions and follows the principles and procedures laid down in the United Nations' International Standard Industrial Classification (ISIC) of all Economic Activities as revised from time to time. The Central Statistical Organisation (CSO), as the custodian of national industrial classification, took up the task of evolving a standard industrial classification as early as in 1960. While undertaking a fresh revision of NIC, the suggestions obtained from various stakeholders have been taken care of to the maximum extent possible. The structure of NIC is identical to the structure of ISIC up to 4-digit level 'classes' (except a few shadow classes). Classes were then divided into 5-digit 'sub classes' according to national requirements.
National Classification of Occupations (NCO): In an occupational classification, the grouping of occupations has to be based on the fundamental criterion of 'type of work performed' [24] . All the workers en-gaged in the same type of work are grouped together irrespective of the industrial classification of establishments where they are engaged. For example, all clerical workers have been classified in one occupational group whether they are engaged in a factory, mine, government office or even a shop. Factors like type of operations involved in the performance of a job, types of qualifications, vocational and professional training, status (e.g., own-account worker, employer), levels of skill, etc., are considered in classifying a person as belonging to a particular occupation. Job definitions or descriptions represent only the average national picture of the various occupations.
In India, the Central Statistical Organization (CSO) in the Ministry of Statistics & Programme Implementation is vested with the responsibility of setting up of a system of classification. It is a constant endeavour of the CSO to develop new classification systems as well as update existing ones to keep pace with the changes in the organization and structure of industries besides accounting for emerging economic activities.
Background of Indian mining industry
India is endowed with a significant volume of mineral deposits. It is estimated that India holds abundant reserves of minerals such as non-coking coal, iron ore, bauxite (metallurgical grade), dolomite, gypsum, limestone and mica; and adequate levels of reserves of minerals such as lignite, chromite (metallic), manganese, zinc, graphite; but is deficient in mineral reserves such as coking coal, chromite (refractory), bauxite (chemical grade), copper, lead, apatite, rock phosphate and kyanite.
India produces as many as 87 minerals, which includes 4 fuels, 10 metallic, 47 non-metallic, 3 atomic and 23 minor minerals (including building and other materials) and is the world's largest producer of mica blocks and mica splitting. With the recent spurt in world demand for chromate, India has stepped up its production to reach the second rank among the chromate producers of the world. Besides, India ranks 2nd in Barites, 3rd in production of Coal and Lignite and Steel, 4th in Iron ore, 5th in Manganese ore, 6th in Bauxite and crude steel, 7th in Aluminium and 8th in Copper Ore on the basis of production of minerals during 2009-10 [25] .
The industry is characterized by a large number of small operational mines. The number of mines has not changed substantially over the years, because as new cent of total number of reporting mines and the rest 24% is distributed among seventeen states (Table 1 and Fig. 1 ).
Of the total of coal mining, maximum contribution in value terms is from Jharkhand (22%) followed by Madhya Pradesh (16%) then Chhattisgarh (15%), Orissa (11%), Maharashtra (10%) and West Bengal (7%). More than 80% of Natural gas is from Bombay high, remaining Natural Gas is contributed from Gujarat, Assam, Andhra Pradesh and Tamil Nadu. Iron Ore is one of the major contributors to the value of minerals and the state which has maximum Iron Ore is Orissa. In 2009-10, Orissa contributed 36% of the total production in value terms. Other contributors are Goa (22%), Karnataka (18%) and Chhattisgarh (16%). Therefore, number of operating mines in a State is not the only indicator of the corresponding States' contribution to the economy in value terms.
The total value of mineral production (excluding atomic minerals) estimated at 2006 billion during 2010-11 has increased by about 11.83% as compared to the previous year due to rise in the production of coal, natural gas (utilised), iron ore, manganese ore, zinc concentrates, ball clay, barites, gypsum, kaolin limestone, pyrophyllite, quartz etc. In the total value of mineral production, the fuel minerals contributed the major share 67.42%, metallic 20.85%, non-metallic minerals 2.4% and minor minerals 9.33%. The mining and quarrying sector (excluding the minerals) declares as prescribed substances under the Atomic Energy Act, 1962) accounted for about 2.6% of the total GDP [21] .
In the last two decades, coal mining has witnessed a phenomenal growth of 154% in production from 237 metric tonnes in 1991 to 602 metric tonnes in 2010. The value of output of coal has increased by 1038% from 55.71 million tonnes to 634.43 million tonnes between 1961 and 2013 [20] . Taking into account the coal and non-coal sector, the value of production has increased by 67% from 1708 billion rupees to 2845 billion rupees between 1991 and 2013 ( Table 2) . De- spite increase in production and value of the minerals, average employment in coal mines has decreased between 1991 and 2011 from 0.554 million to 0.369 million. In the non-coal sector also, employment has come down from 0.20 million to 0.17 million workers for the same period. Combining the coal and non-coal industry, employment has decreased from 0.73 million workers to 0.53 million workers; in twenty years between 1991 and 2011, the decrease is by 27% ( Table 3) . The strategies adopted for rapid expansion of mining activities include increased mechanisation, adoption of new technologies & their adaptation under Indian geomining conditions and assimilation of latest scientific innovations in the concerned areas. This may be the prime factor in the decrease of mining workers.
Data anomaly in the number of operating mines and miners
The number of mines does not change substantially over the years, because as new mines are explored, empty mines also are closed. It is seen from Table 4 that there is considerable difference in the number of mines between DGMS and IBM. In the case of coal mines, the difference is negligible, but in the case of non-coal mines, total number shown by IBM is greater than 500 than the number shown by DGMS. For noncoal mines for the year 2011-12, DGMS reports it as 2041 while as per IBM it is 2663. There is discrepancy in the number of miners also between DGMS and IBM ( Table 5 ). In respect of number of mines and miners, the difference between DGMS and IBM is by 21% and 5% respectively. Let us explore the reasons behind anomalous data on the number of mines and miners. As stated in Section 1, in India, we have two major central government organisations controlling the mining sector, namely the Directorate General of Mines Safety (DGMS), previously known as Mines Inspectorate, and the Indian Bureau of Mines (IBM). The DGMS implements the provisions of the Mines Act (1952) exclusively in the field of safety and labour welfare and the IBM operates primarily for the development of the mining industry under the statutory provisions of the Mines & Minerals (Regulation & Development) Act, 1957.
Thus, although very small mines (tiny SSMs) of these specific minerals (mostly "Minor Minerals") are exempt from the provisions of the Mines Act 1952, the tiny mines of other minerals (non-Minor Minerals) and the other "Minor Mineral" Mines in the upper range of operation are not exempt and are equally liable like Medium and Big Mines.
The exemptions under the Mines Act 1952, restricting the sphere of activities of the DGMS (Mines Inspectors) in this specific category of tiny mines has been made perhaps because chances of fatal and serious accidents in such tiny mines are minimal and as such unnecessary waste of time and money in nonessential inspections and administrative control may be avoided, maintaining authority for intervention under Section 7, 8, 9, 40, 45 and 46 where ever felt necessary.
In the case of IBM such tiny Small Mines are also exempt from their control because these mines are really "Minor Minerals" mines, which are specifically exempt from the jurisdiction of IBM. The control of "Minor Mineral" has been statutorily shifted by the Central Government to the State Governments under Sec 14 and 15 of the MMRD Act'57. Thus, the officers of IBM have no authority to inspect and control the activities of "Minor Mineral" mines and thus have no jurisdiction for collecting statistical figures of production, employment, number of mines etc. from such mines. They have therefore to depend on the fig- [26, p. 15] . As the Mines Act'52 does not differentiate between major and "Minor Minerals" and there are many fairly large "Minor Mineral" Small Scale Mines (Stone mines-for example) the statistics of mines maintained by the DGMS, (including MM mines), do not tally with those maintained by IBM (excluding MM mines). Moreover, DGMS statistics are on a calendar year basis and IBM records are on the basis of financial year -April to March. Thus, the statistical records of these two organizations are somewhat different. Similarly, both the Mines Act'52 and the MMRD Act 57 do not define Small-Scale Mining and they do not maintain any statistics of Small-Scale Mines.
In this context, it may be interesting to note from Table 6 the variations in the number of mines and miners in India as reported by the DGMS and the IBM. The incongruity in the number of mines would be clear from the foregoing explanation. But it is not understood how in spite of higher number of mines reported by IBM than DGMS, the employment figures for 2007-08 and 2010-11 do not correspond to the pattern. In both 2007-08 & 2010-11, number of mines by IBM is greater than DGMS, while the number of miners is less in IBM in comparison to DGMS.
There is a difference in the data collected by NSSO, DGMS, and IBM. As per employment-unemployment surveys of NSSO (2011-12) , the estimated number of miners (Table 7) is 2,239,828, four times higher than the number of miners provided by the Mining agencies (DGMS & IBM). Since mines are located mostly in rural areas, 63% of the workers are located in rural areas. The change between NSSO and DGMS is by 125%. Therefore, the question arises, how to account for this huge gap between NSSO and DGMS/IBM? In this context, Census data on the number of workers is mentioned to show the discrepancy with other agencies. As per Census 2001 [27] , the number of total main workers (Table 7) in the mining and quarrying sector is 2.2 million. This is comparable to NSSO the employment and unemployment survey 2000-01; the estimate of workers in mining and quarrying sector is 2.23 million. But census data will not be discussed in this report because till date Census 2011 data by NIC is not available. Discussion will remain confined to DGMS, IBM and NSSO.
One plausible reason that is provided by DGMS is that in coal mines rosters are maintained for three shifts. One person may work for two shifts, even for three shifts; in that case of DGMS records it as one worker, while NSSO considers it as two to three workers.
Another way to match the number of workers as per NSSO with DGMS and IBM may be to distribute workers across organized and unorganized sector assuming that DGMS and IBM covers only organized sector workers. To find employment distribution among organized and unorganized sectors, the following section outlines definition of organized and unorganized sector employment.
Organized and unorganized sector of mining industry
There is no universally accepted definition of the unorganized sector. For the purpose of analysis, it is crucial to look into the definitions used by the different data collection agencies.
The unorganized manufacturing sector, for which data are drawn from the NSS 56th (2000-01) and 62nd (2005-06) rounds, is defined as follows: "(i) All manufacturing enterprises except those registered under Sections 2m(i) and 2m(ii) of Factories Act, 1948 and Bidi and Cigar Workers (Conditions of Employment) Act, 1966. (ii) All manufacturing enterprises except those run by the Government (Central Government, State Governments, Local Bodies)/Public Sector Enterprises" [28, p. 8] . By this definition, all those private sectors, manufacturing enterprises which engage less than 10 workers with power or less than 20 workers without power are in the unorganized manufacturing sector. Thus, an analysis of organized and unorganized manufacturing in terms of definitions is complimentary and, therefore, comparable.
The National Commission for Enterprises in the Unorganized Sector (NCEUS, 2007) [24, p. 20] defines 'organized' and 'unorganized' on the basis of various factors including enterprise type, number of workers and social benefits. All enterprises under the domain of the government/public sector, public/private limited.company; co-operatives, trusts, etc. are organized. The enterprise type is unorganized if it is proprietary (male and female); entails a partnership with members from the same household or members from different households; and employer's households (that is, private households employing maid-servants, watchmen, cooks, etc.) coupled with the number of workers, which should be 10 or more. If the enterprise type is not known (missing or other than mentioned above) and employs 10 or more workers, it is considered as organized. When both the organized type and number of workers are not known, then if the enterprise provides social benefits to its workers, it is organized. The residual sectors are considered as unorganized [29] .
The National Accounts Statistics, compiled by the Central Statistical Organisation (CSO), categorises sectors as registered and unregistered wherein all public sector units are considered organized while private sector enterprises which are registered under some Act, for example, the Factories Act, Sales Tax Act or the State's Shops and Establishment Act are all organized [29, p. 8] . The rest of the private sector enterprises are considered as unorganized. According to the CSO/NAS, the organized services sector is constituted by public and private corporate sectors, while the household sector is recognised as unorganized [30] .
While the criterion for the organized sector is very well defined for manufacturing, this is not the case for the services sector. The problem arises because services enterprises are not subject to an act similar to the Factories Act. Only those service enterprises that engage in some sort of manufacturing activity are required to register under the Factories Act. While analysing the NSS 63rd Round data for the unorganized services sector, Dehejia and Panagariya state that: most private sector services enterprises, whether small or large, are officially in the unorganized sector. For instance, "large private sector banks such as the ICICI Bank and HDFC Bank and software export giants such as the Infosys, Wipro and Satyam are officially in the unorganized sector" [31, p. 17] .
This suggests that there is no consensus over what constitutes the unorganized sector in India.
The estimates of organized and unorganized sector employment in manufacturing and services vary between enterprises as against household surveys. This may be because of two reasons. One is that the subsidiary employment of the worker in other enterprises/ sectors would not be known to the employer, but would be captured during a survey of workers/households [19] . Also, there may be certain sectors, especially in services, which may not be captured in enterprise surveys due to the lack of clarity in defining or difficulty in surveying (for example, in the trade sector), but are captured through surveys of workers/ households. For example, the estimates of employment in unorganized services from NSS enterprise surveys are 28 million, while those from household surveys are 81 million. Thus, while addressing worker-related issues, the policy-maker should keep in mind this distinction and the broader definition of employment and the organized as well as unorganized sectors [28] .
For the present report, we have adhered to the definition by NCEUS [24, p. 3] .
First, we define the unorganized sector in the following way:
"The unorganized sector consists of all unincorporated private enterprises owned by individuals or households engaged in the sale and production of goods and services operated on a proprietary or partnership basis and with less than ten total workers".
Second, we define unorganized or informal employment as follows:
"Unorganized workers consist of those working in the unorganized enterprises or households, excluding regular workers with social security benefits, and the workers in the formal sector without any employment/social security benefits provided by the employers".
The employees with informal jobs generally do not enjoy employment security (no protection against ar- bitrary dismissal), work security (no protection against accidents and illness at the work place) and social security (maternity and health care benefits, pension, etc.) and therefore any one or more of these characteristics can be used for identifying informal employment. For our purpose, we describe unorganized sector workers as those workers who are not entitled to any type of social security benefits irrespective of the workers location in organized or unorganized sector. First, by enterprise type, organized and unorganized sector employment is differentiated. Then, receipt of any kind of social security benefit by sector is delineated. Those, who received any form of benefit is demarcated as formal sector worker; rest are unorganized sector worker. Organized sector covers: a) government/public sector, b) public/private limited company, c) cooperative societies/trust/other non-profit institutions. The rest belongs to unorganized sector.
In view of the aforementioned definition, including government/public sector, public/private Ltd/cooperative as organized sector in the mining sector, total number of organized sector workers is 821,810 (37%). The remaining 1.4 million workers (63.3%) are in unorganized sector (Table 8) . On the other hand, in terms of entitlement to social security benefits, it is found that out of total 2,239,828 workers, total number of organized sector worker is 664,196 (30%); remaining 1,575,632 workers belong to unorganized sector workers (7%) ( Table 9 ). Consequently, it can be said that NSSO data on employment size of miners is congruent with DGMS and IBM if the definition of organized sector employment is accepted as per NCEUS (2007) [24] stipulation of entitlement to social security benefits. Nevertheless, the problem remains. IBM does not provide categorical classification of workers, so it was assumed that the total number of workers belong to organised sector employment. But, DGMS provides the total number of contract workers for both coal and non-coal sector; it is 86,047 [20] . Therefore, as per DGMS, organized sector employment is 452,653 ( Table 10 ). Therefore, the data anomaly between DGMS and NSSO amounts to 0.21 million workers if entitlements to social security benefit are taken whereas if enterprise is the definition accepted, then the status of 0.37 million workers remain unanswered. Perhaps, the answer lies in the statistics of minor minerals which is covered by NSSO during the quinquennial survey but outside the purview of DGMS and within the purview of State governments. Lack of coordination between state and central agencies might have resulted in the huge gap in official statistics.
Conclusion
This article compares official statistics on mining data collected by NSSO, DGMS and IBM for the year 2011-12. Total number of mining sector workers varies from 2.2 million (NSSO, 2011-12) to 0.5 million (DGMS & IBM, 2011), a difference by 125%. The difference in the number of workers between NSSO, DGMS and IBM is related to the methods adopted for collecting data. NSSO data is based on a household survey whereas DGMS and IBM data is based on annual returns from the registered mine owners. Differences also are evident in the number of operating mines and miners between DGMS (2610) and IBM (3236), a difference of 21% and 5% respectively. Though both DGMS and IBM data are based on annual returns from the registered mine owners, the discrepancy in the operational definition of Mines Act, 1952 that DGMS follows and MMRD Act 1957 that IBM follows regarding coverage of minor minerals and its workers gives rise to the anomaly in the number of operating mines. Similarly, in case of employment size of organized and unorganized sector workers in the mining sector, variation occurs due to differences in the definition of organized sector employment. In accordance with the NCEUS [28] definition of organized sector employment as entitlement to social security benefits, the gap in the number of miners narrows between NSSO, DGMS and IBM. The question of anomaly in the size of unorganized sector employment persists.
It is quite clear from the data discrepancy that annual returns submitted by enterprises/organizations at central and state levels are not complete. Moreover, labour statistics on minor minerals are not sent to central agencies by the state labour department. Therefore, it can be concluded that effective coverage of mines and mining workers and submission of returns both at the state and central level is necessary for more accurate statistical description.
